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IORZ DQG FRQGXFWLYLW\ 7KHVHPHDVXUHPHQWV ODFN WKH VHQVLWLYLW\ WR GHWHFW WKH VXEWOH FKDQJHV
RFFXUULQJDFURVVWKHPHPEUDQHWKDWVHW WKHWUHQGIRUHLWKHU LPSURYHPHQWRUGHFOLQH LQV\VWHP
SHUIRUPDQFH>@ 'LUHFW REVHUYDWLRQ DW WKH QDQRVFDOH RQ KRZ WKH YDULRXV OD\HUV RI WKH
FRPSRVLWH PHPEUDQH UHVSRQG WR WKH PRYHPHQW RI ZDWHU RU LRQV GXULQJ RSHUDWLRQ LV QRW
SUDFWLFDOLQLQGXVWULDOVHWWLQJV:KDWLVQHHGHGLVDQDQDO\WLFDOWHFKQLTXHWKDWFDQEHXVHGLQVLWX
DQG LQ UHDO WLPH WR LGHQWLI\ FKDQJHV WKDWRFFXUDFURVV WKH WKLQ ILOP IURP WKH IHHGVLGH WR WKH
SHUPHDWHVLGHDQGDPRGHOWKDWFDQUHODWHVXFKFKDQJHVWRWKHIXQFWLRQDOLW\RIWKHPHPEUDQH
LH UHGXFHG IRXOLQJ 7KH SUHVHQW DUWLFOH DLPV DW DFKLHYLQJ WKLV XVLQJ (OHFWULFDO ,PSHGDQFH
6SHFWURVFRS\(,6

(,6 XWLOL]HV DQ DOWHUQDWLQJ FXUUHQW RYHU D ZLGH UDQJH RI IUHTXHQFLHV WR SUREH PDWHULDOV RU
GHYLFHV WRGHSWKVFDOHV UDQJLQJ IURPWKHDWRPLF WRPDFURVFRSLFGLPHQVLRQVDQGVWXG\LQJ WKH
SRODUL]DWLRQ SKHQRPHQD DVVRFLDWHG ZLWK WKH HOHFWULFDO UHVSRQVH (,6 ZRUNV E\ LQMHFWLQJ D
VLQXVRLGDO DOWHUQDWLQJ FXUUHQW RI NQRZQ IUHTXHQFLHV LQWR D V\VWHPDQGPHDVXULQJ WKH YROWDJH
SRWHQWLDOGLIIHUHQFHDFURVVWKHV\VWHPLQFOXGLQJWKHSKDVHGLIIHUHQFHEHWZHHQWKHFXUUHQWDQG
YROWDJH )URP WKLV WKH LPSHGDQFH SKDVH DQJOH FRQGXFWDQFH DQG FDSDFLWDQFH FDQ EH
GHWHUPLQHG 7KH YDULDWLRQ RI WKHVH SURSHUWLHV ZLWK IUHTXHQF\ FRPPRQO\ UHIHUUHG WR DV
GLVSHUVLRQ FDQ WKHQ EH XVHG WR GHWHUPLQH WKH QXPEHU DQG SURSHUWLHV RI ³OD\HUV´ ZKLFK
FRPSRVHWKHV\VWHPRILQWHUHVW
&RQGXFWDQFH LV WKH DELOLW\ RI WKH V\VWHP WR FRQGXFW HOHFWULF FKDUJHZKLOH FDSDFLWDQFH LV WKH
FDSDFLW\RI WKHV\VWHPWRVWRUH WKHFKDUJH)RUDQHOHFWULFDOO\KRPRJHQHRXVV\VWHP*DQG&
DUH LQGHSHQGHQW RI IUHTXHQF\ +RZHYHU LQ WKH HOHFWULFDOO\ KHWHURJHQHRXVPHPEUDQH V\VWHP
FRPSULVHGRIHOHFWULFDOO\GLVWLQFWVXEVWUXFWXUHV*DQG&DUHVWURQJO\GHSHQGHQWRQIUHTXHQF\

7KHQDVFHQW VWDJHVRI IOX[GHFOLQHDQGVFDOH IRUPDWLRQGXULQJ WKHSURFHVVLQJ RIDSSP
VROXWLRQ RI FDOFLXP FDUERQDWH LQLWLDO /6,  ZHUH PRQLWRUHG LQ VLWX DV SURFHVV UHFRYHU\
LQFUHDVHG IURP  WR  XVLQJ (OHFWULFDO ,PSHGDQFH 6SHFWURVFRS\ (,6 $V H[SHFWHG DIWHU
ILOWUDWLRQ LQ EDWFK PRGH IRU  KRXUV &D&2 SUHFLSLWDWLRQ SUHVHQWHG DV D GHFUHDVH LQ WKH
WHPSHUDWXUH QRUPDOL]HG IOX[ --2 IURP  WR  DQG DQ LQFUHDVH LQ QRUPDOL]HG SHUPHDWH
FRQGXFWLYLW\ IURP 6FP WR ҏ6FP )LJXUH  7KH SHUPHDWH FRQGXFWLYLW\ LQFUHDVHG LQ
FRQFHUWZLWKWKHGHFOLQHLQ IOX[DQGWKHLRQLFUHMHFWLRQHIILFLHQF\GHFUHDVHGIURPWRDV
WKHILOWUDWLRQSURJUHVVHGIURPWRK
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'XULQJ WKH IRXOLQJ H[SHULPHQW (,6 VSHFWUD JHQHUDWHG E\ DOWHUQDWLQJ FXUUHQW DW IUHTXHQFLHV
EHWZHHQ+]DQG VKRZHGD GHFUHDVH LQ LPSHGDQFHZLWK LQFUHDVLQJ UHFRYHU\7KHPRVW
VLJQLILFDQWVSHFWUDZHUHJHQHUDWHGDW[+]ZKHUHDFKDQJHLQSKDVHDQJOHIURPRWRR
ZDVREVHUYHGDV UHFRYHU\ LQFUHDVHG IURP WR  LQGLFDWLQJ WKDW WKH V\VWHPEHFDPH OHVV
FRQGXFWLYHDQGPRUHUHVLVWLYHDVWKHUHFRYHU\LQFUHDVHG6SHFWUDOGDWDZDVILWWHGWRD0D[ZHOO




























ZLWK LQFUHDVLQJ UHFRYHU\  )XUWKHUPRUH WKH ILWWHG (,6 PHDVXUHPHQWV YHULILHG WKH RUGHUV RI
PDJQLWXGH RI OLWHUDWXUH YDOXHV IRU WKH WKLFNQHVV RI WKH SRO\DPLGH OD\HU FD QP
SRO\HWKHUVXOIRQH OD\HU FD P DQG SRO\HVWHU VXSSRUW  P WKDW FRQVWLWXWH
FRPPHUFLDO UHYHUVH RVPRVLVPHPEUDQHV 7HPSRUDO FKDQJHV LQ FRQGXFWDQFH RI WKHVH OD\HUV
GXULQJ ILOWUDWLRQ ZHUH JUHDWHVW IRU D ]RQH SRVLWLRQHG LPPHGLDWHO\ DERYH WKH SRO\DPLGH DFWLYH
OD\HUZKLFKFKDQJHGIURPWR6PZKLFKFDQEHDWWULEXWHGWRWKHDFFXPXODWLRQRIVDOWVRQ
WKHVXUIDFHRI WKHPHPEUDQH7KHUHVXOWV LQGLFDWHWKDW(,6GDWDZKHQILWWHGWRDQDSSURSULDWH
PRGHO FDQ EH XVHG WR FKDUDFWHULVH WKH YDULRXV VWUXFWXUDO HOHPHQWV RI D UHYHUVH RVPRVLV
PHPEUDQHDQGWKHFKDQJHVWKDWRFFXULQVLWXDWWKHPHPEUDQHVXUIDFHGXULQJILOWUDWLRQ
.H\ZRUGV (OHFWULFDO ,PSHGDQFH VHFWURVFRS\ 5HDOWLPH PRQLWRULQJ 5HYHUVH 2VPRVLV
3RO\DPLGHWKLQILOPFRPSRVLWH

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